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Abstract

Introduction
In the last thirty years specimen preparation
methods for scanning electron microscopy (SEM) of the
central and peripheral nervous system have contributed
to a well grounded level of basic knowledge on the
three-dimensional
morphology of ventricular surfaces
(Clementi and Marini, 1972), choroid plexus (Yamadori,
1979; Castejon and Caraballo, 1980a, 1980b; Castejon
and Valero, 1980; Kessel and Kardon, 1981; Scheibe! et
al., 1981; Castejon, 1981, 1983, 1984, 1986, 1988,
1991; Paul et al., 1984; Arnett and Low, 1985; Low,
1989), sensory organs and neuromuscular junctions
(Shotton et al., 1979; Desaki and Uehara, 1987), peripheral nerves (Tachibana et al., 1985; Russel, 1986),
synaptic junctions (Baluk and Fujiwara, 1984; Castejon,
1990b, 1990c; Castejon and Castejon, 1991) and neuronglial cell unit (Castejon, 1990a).
Since some of the data concerning three dimensional morphology of neurons, cytoarchitectonic
arrangement, synaptic junctions and tracing of intracortical
circuits come from the author's laboratory, it seemed appropriate to evaluate and discuss the existing preparative
procedures for the central nervous system using the cerebellar cortex as a model. The organization of the cerebellar cortex is arranged into a three layered geometric
structure well known by both light and transmission
electron microscopy (LM and TEM).
In order to properly interpret the images of nerve
cells as they are seen in the SEM, it is of fundamental
importance that fixation, dehydration, critical point drying and metal deposition be accompanied by minimal
distortion of nerve and glial cell structures and their
cytoarchitectonic arrangement within a gray center, and
also that any artifacts which are produced should be
recognized.
Nerve tissue is a very soft tissue with a high
water content. Therefore, it is subjected to significant
dimensional and conformational changes during the preparative procedures for SEM (Boyde et al., 1977). However it should be considered that these changes could, in
certain regions where the narrow extracellular space has
been enlarged, expose hidden neuronal surfaces and reveal interneuronal relationships.

In the present paper some basic sample preparation techniques for scanning electron microscopy of
nervous tissue are described.
These basic preparative
methods include conventional scanning electron microscopy or slicing technique, ethanol-cryofracturing
technique, freeze-fracture method using either liquid nitrogen (slow freezing) or Freon 22 cooled by liquid nitrogen (fast freezing), improved freeze-fracture method
with delicate specimen preparation and chromium coating, ultrasonic microdissection, and "creative tearing"
technique. Some basic principles, advantages and limitations are critically considered.
In addition, some
specific applications in neurobiological research are reported.
Emphasis is placed upon understanding the
sources and nature of artifacts that are likely to be
produced in each preparatory step. Examples are given
of the results obtained with the different types of nerve
tissue preparation, using the cerebellar cortex as a model
of the central nervous system. According to the author's
experience, the slicing technique is recommended for
studying cytoarchitectonic arrangement of gray centers,
the ethanol-cryofracturing
technique for tracing short intracortical circuits, and the freeze-fracture methods for
analysis of nerve cell cytoplasmic and nuclear compartments. An attempt is made to explain results obtained
in relation with nerve cell biology.

Key Words: Scanning electron microscopy, preparative
techniques, applications, artifacts, nerve cells.
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Thus, the purpose of this paper is to provide an
introductory understanding of the basic principles, theory, usefulness, limitations, and artifacts of the preparative procedures used for SEM examination of nerve tissue. The instructions for the preparative techniques are
directed to those without previous experience in this
field in order to enable them to prepare their specimens
without technical supervision. In addition, I have critically reviewed each basic preparatory step prior to SEM
examination.
I have included some special procedures
that I personally have found to be useful. A review of
these conventional techniques applied to the nervous system is limited in terms of its literature coverage. The
reader is, therefore, referred to leading articles related
to non-nervous tissue. The paper is organized in several
introductory sections dealing with fixation, dehydration,
critical point drying, mounting and orientation of nerve
specimens, and metal deposition. The results and effects
of various preparative procedures for nerve tissue are
described in a teaching manner, and analyzed emphasizing advantages, limitations and sources of artifacts.
Conventional

SEM Technique

terion for preserving nerve cell volume and, therefore,
three-dimensional configuration and spatial relationships
in situ (Fig. 1). Glutaraldehyde, commonly used as the
primary fixative, generally causes shrinkage of nerve
cells, mainly because slightly hypertonic fixatives (320350 mOsm) are used to obtain proper fixation of nerve
tissue. This nerve cell volume alteration is expressed as
widening of the membrane-to-membrane
extracellular
space, 10-20 nm in width, existing between neighboring
nerve cells. Fig. 2 illustrates the artifactually enlarged
extracellular space in teleost cerebellar granule cell layer. This space is often, but not always, occupied by a
thin layer of satellite neuroglial cell cytoplasm, which is
removed during the slicing process, and is also a useful
artifact which facilitates the visualization of the extracellular space and the hidden outer nerve cell surfaces.
The total osmolarity of the fixative given by the
osmotic pressure of the glutaraldehyde fixative and the
osmotic pressure of the fixative bufft:r solution (Lee,
1983) is an important factor to be considered in nerve
cell volume alteration.
In addition, the type of buffer
used, whether phosphate or cacodylate, is also important. In our experience, 3-5 % glutaraldehyde-phosphate
buffer solution induced I 0-20 % more shrinkage of nerve
cells than a similar fixative concentration in cacodylate
buffer, apparently due to the extractive properties of the
phosphate buffer solution on the cell matrix.
The immersion fixation technique has been used
in our laboratory for human pathological material, which
for ethical and practical reasons is the most appropriate
technique for sample stabilization and preservation.
However, the immersion fixation procedure is not good
enough for preserving the neuron-glial cell relationship

or Slicing Technique

Conventional SEM technique or slicing technique
includes the following preparatory steps: fixation, trimming and obtaining of nerve tissue slices, dehydration,
critical point drying, specimen mounting with orientation, and metallic coating.
The cerebellum was chosen as a model organ for
nerve tissue preparation
studies for the following
reasons:
a) Its geometric arrangement in a three layered
structure can be easily identified by LM, TEM and
SEM.
b) The presence of macroneurons (Purkinje and
Golgi cells) and microneurons (granule, basket and stellate cells) can be easily distinguished
in different
neighboring layers, which offer immense possibilities for
studying neuronal geometry in situ.
c) The cerebellum has the simplest cytoarchitectonic arrangement of the central nervous system especially in comparison with cerebral cortex.
d) The cerebellum is a well known structure from
neuroanatomical, neurochemical and neurophysiological
point of view.
e) Different types of synaptic junctions are present: mossy large multisynaptic complexes (mossy glomerular regions), axosomatic synapses (especially upon
Golgi and Purkinje cells), spine synapses in the molecular layer, mainly parallel - Purkinje spine synapses).
f) Cerebellum has a constant synaptic organization throughout the whole vertebrate phylogenetic scale.

in situ.
Postfixation

in osmium tetroxide
Osmium tetroxide (OsO 4 ) should be considered as
a secondary fixative to stabilize tissue and membrane
lipids since glutaraldehyde fixation only cross-links and
stabilizes proteins. Most workers choose to postfix cells
with OsO 4 because it stabilizes lipid containing structures against extraction by organic solvents. Because
OsO 4 also acts as an emitter of both secondary and backscattered electrons in SEM, it contributes both to stabilization and visualization of the cells (Gamliel, 1985).
Thus, in the preparation of SEM samples, OsO 4 not only
preserves lipids, it also increases the mass density of the
tissue and the generation of type II and III secondary
electrons.
Postfixation in osmium tetroxide thus seems
necessary to stabilize the plasma membrane against the
inevitable tensions that occur during dehydration and
critical point drying (CPD) (Arro et al., 1981). Whether OsO 4 fixation, when used as a secondary fixative,
causes additional shrinkage is difficult to ascertain. In
conventional electron microscopy, OsO 4 is commonly
used in 0.01 M veronal, collidine or cacodylate buffers.
It might be expected that electrostatic interactions of
charged protein particles and osmotic forces could be inducing swelling or shrinkage during OsO 4 fixation
(Tooze, 1964).

Fixation Procedures
Primary fixation
technique

with glutaraldehyde

by immersion

Optimal fixation of a gray center is the basic cri-
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When glutaraldehyde has been used as the primary
fixative, postfixation in OsO 4 was shown to cause swelling in rat brain tissue (Eins and Wilhems, 1976). Brunk
et al. (1975) studied the effects of glutaraldehyde at different effective osmotic pressures on human glial cells
in vitro with time-lapse cinematography
and SEM.
These authors reported that optimal preservation of fine
structure with glutaraldehyde fixative was obtained when
the osmolarity of the vehicle was approximately 300
mOsm/1. Variation in the concentration of glutaraldehyde did not cause any visible changes of the cell morphology, although it did affect the stability of swelling
artifacts. According to Boyde (1978) neurons fixed with
I% OsO 4 or 5% glutaraldehyde in 0.0475 M Na cacodylate did not shrink.
Since glutaraldehyde fixation could be initially a
reversible process and the cell membrane is still semipermeable to most solutes after glutaraldehyde fixation,
it is recommended that the osmolarity of OsO 4 fixative
be maintained the same as that of the wash buffer after
glutaraldehyde fixation in order to reduce volume alterations (Lee et al., 1982). No information is available on
whether pH, and divalent ions are important in controlling cell volume change during OsO 4 postfixation (Lee,
1983).

Figure 1. SEM slicing technique.
Teleost cerebellar
granule cells fixed primarily by vascular perfusion with
2 % gl utaraldehyde, 0.1 M phosphate buffer solution, pH
7.2, osmolarity 320 mOs/1. Postfixation in a similarly
buffered 1 % osmium tetroxide.
Good preservation of
granule cell (GC) surface morphology, volume and processes is seen. Vestiges of attached satellite neuroglial
cells (arrows) are also observed.

Glutaraldehyde-fixation

artifacts

Blebs or blister formation has been observed in
glutaraldehyde
fixation for TEM and SEM studies
(Shelton and Mowczko, 1978). Fig. 3 illustrates bleb
formation in the granule cell somatic surfaces of teleost
fishes after delayed fixation due to prolonged dissection
time and procedures for isolation of the brain from the
skull.

Figure 2. Teleost cerebellar granule cells (GC) processed as described in Fig. I. Note the widening of the
extracellular space (arrows) indicating decreased granule
cell volume.

The prefixation state of the nerve tissue
Prior to immersion fixation, the animal should be
anesthetized and decapitated and the brain tissue exposed
through the skull. This treatment undoubtedly introduces chemical and mechanical alterations in the fine

Figure 3. Teleost cerebellar granule cells (GC) fixed by
delayed immersion fixation with glutaraldehyde and osmium tetroxide solutions. Bleb formations are observed
(arrows) at the outer somatic granule cell surface.
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should descend from the perfusion flask and stream into
the vascular bed by gravity. Clogging of blood cells by
the fixative solution should be prevented by flushing the
vasculature with a phosphate buffered solution. The duration of the perfusion is determined by the flow of fixative free of blood through the right auricle, observation
of the brownish coloration of nerve tissue through the
brain window, and comparison with fixation of other organs such as liver, skin and muscles. Before and during
the vascular fixation, the animal receives a mixture of
95 % oxygen and 5 % carbon dioxide by means of a glass
pipette inserted into the trachea of the animal.
After
completing the vascular perfusion, the skull bones are
gently cut using a dental drill. After very careful dissection of cranial nerves, the brain stem is sectioned at
the level of the cervical spinal cord. After fixation in
situ the brain should be left in a fresh fixative solution
by immersion in toto or isolated from the brain skull, cut
in 2-3 mm fragments and immersed in fresh fixative.
The reader is referred to Palay and Chang-Palay (1974)
for detailed description of the procedure of the vascular
perfusion technique.
After primary vascular fixation
with glutaraldehyde, postfixation by immersion in osmium tetroxide should be done. The quality of the fixation
by vascular perfusion should be initially evaluated with
the light microscope.

structure of neurons, glial cells, synaptic contacts and
blood-brain barrier. After delicate dissection and sectioning of cranial nerves and ultimate sectioning of the
brain stem, the whole brain is extracted from the skull.
This procedure takes from 5-20 minutes depending on
the vertebrate species and the operator's skills. In all
cases, this procedure implies trauma, anoxia and ischemia of the brain, which induce brain edema (Castejon,
1980). In some cases, the samples should be washed in
buffer solution to eliminate the extravasated blood,
which could deteriorate the primary fixative. After isolation, the samples must be cut into small tissue blocks,
2-3 mm thick, using a new sharp razor blade. The trimming procedure induces additional deformation and
stress forces. Since the samples are still unfixed the
anoxic period is prolonged and autolytic changes are initiated. The tissue block should be gently handled with
a forceps or suspended with a wooden stick and immersed in freshly prepared 3-5 % glutaraldehyde
in
0.1 M phosphate buffer solution for 2 hours. Oxygenation of the solution is also recommended. When the fixative penetrates the tissue, the concentration of the fixing compound is reduced, due to a loss by reaction with
tissue components (Lee, 1983). Therefore, the concentration of the fixative compound should be high. Overfixation is not recommended since cell matrix extraction
may occur. A brownish coloration and an increase in
the consistency of the tissue fragments are observed
after two hours of fixation. Several rinses in the buffer
solution are strongly recommended before postfixation
in osmium tetroxide.

Criteria for good fixation and optimal preservation of
nervous tissue
1. Smooth outer surface of nerve cells as shown
in Fig. 1 and conservation of neuronal geometry.
2. Absence of widened extracellular spaces between adjacent nerve cells indicating that significative
volume and dimensional changes (no more than 10-15 %)
have not occurred (Fig. 4).
3. Continuity of nerve cell processes with the
nerve cell soma in unfractured surface areas (Fig. 5).
4. Intact topographic relationship of nerve cell
dendritic processes with afferent axonal fibers, at the
level of synaptic junction (Fig. 6).
S. Maintenance of the neuron-glial cell unit topographic relationship in macroneurons provided with
satellite neuroglial cells, as shown later in Fig. 13.

Vascular perfusion fixation technique
Due to the high sensitivity of nerve tissue to trauma and anoxia, this technique is the most convenient and
sophisticated and has more advantages than the immersion technique for in situ preservation of cytoarchitectural arrangement of the gray centers. A large table is
used for rabbits, guinea pigs or monkeys. The perfusion
equipment consists mainly of a perfusion flask (1 liter
capacity), perfusion (surgical rubber) tubing (6 mm inside diameter), and Pasteur glass pipettes heated and
drawn into thin glass puncture micropipettes, similar to
the glass microelectrodes used in neurophysiology
for
intracellular recordings.
They are used as needles to
puncture the left cardiac ventricle. These modified glass
micropipettes are connected to the perfusion flask by
means of the perfusion tubing. The flow of the fixative
is controlled by a manual valve. The height of the fixation bottle, about 200 cm should be adapted according to
the physiological pressure in the brain vessels of the experimental animal.
To avoid higher pressures in the
vascular system during the perfusion process, an opening
is made in the right auricle.
A respiratory apparatus
consisting of a tank of 95 % oxygen and 5 % carbon dioxide is used. A rubber tube provided with a micropipette
connects the tank to the hole opened in the trachea of the
animal. To observe the arrival of the fixative to the central nervous system, an observation window should be
opened in the skull. A constant volume of the fixative

Trimming procedure and obtaining nerve tissue slices
After fixation, the nerve tissue fragments should
be trimmed to slices no larger in diameter than the support stub and as thin as possible (1-2 mm thick). During
the trimming process orientation of the nerve tissue on
the support stub should be taken into consideration, to
assure that sagittal and transverse sections of the cortical
structures of the gray centers have been obtained.
Air
drying during the trimming procedure should be avoided
by keeping the nerve samples immersed in the buffer solution. Trauma and unnecessary manipulation of the tissue fragments should also be avoided.

Dehydration
Standard
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Figure 6. Human cerebellar cortex. Ethanol-cryofracturing technique.
The arrows indicate the intact axodendritic junctions between filiform afferent axons (AX)
and the spread, rough surface dendritic tips (D).
cells and tissues to swell (in the lower solvent concentrations) and then to shrink (Boyde et al., 1977), often
with the production of cracks. Thus dehydration schedules should omit the lower solvent concentrations and
begin with 70% ethanol to avoid severe volume shrinkage. Shrinkage may also alter the three-dimensional
relationship of cells to each other (Bell, 1984). This
problem is of paramount importance in the study of
nerve tissue organization especially the neuron-glia unit
and the relationship between afferent fibers and neuronal
cell layers. In nerve tissue preparation, we routinely use
ethanol as a dehydrating solvent since further treatment
of nerve tissue during cryofracture and thawing requires
the use of absolute ethanol. Ethanol gives a better preservation of cytoplasmic matrix, endoplasmic reticulum,
mitochondria and nucleus when compared with other dehydrating agents (Lee, 1983).

Figure 4. Teleost cerebellar granule cell group showing
the close proximity (arrows) between two adjacent
granule cells (GC).

Critical Point Drying (CPD) Method

Figure 5. Teleost cerebellar granule cell (GC) showing
the dendritic processes (short arrows) and the axon
(large arrow) in continuity with the nerve cell soma.

The critical point drying method (Anderson,
1951) is the commonly used technique for removing the
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liquid phase from cerebellar nerve tissue. This method
avoids the damaging surface tension forces associated
with solvent evaporation drying by taking a liquid (CO 2)
to its critical
point (Cohen,
1977; Boyde and
Maconnachie,
1981), where surface tension is minimal.
Due to its high water content, nerve tissue might
collapse or become destroyed during critical point drying. Water has structural role in the macromolecular architecture of neurons and neuroglial cells. These cells
maintain their shape by the water molecules intercalated
between the macromolecular
network of plasma membrane, cytomembranes and cytoskeleton.
As the water
molecules are withdrawn during dehydration or critical
point drying, the nerve cells suffer volume and surface
changes. Therefore, delicate and gentle specimen preparation procedures are used to reduce the volume and surface stresses to I 0-15 % . The CPD method es sen ti ally
avoids surface tension effects (Cohen, 1974). The theoretical and general practical considerations concerning
the CPD method have been discussed in papers by Boyde
and Wood (1969), Boyde (1972), Nemanic (1972), Lewis
and Nemanic (1973) and Cohen (1974, 1979).
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Figure 7. Cut and fractured surfaces of mouse cerebellar cortex observed at low magnification for obtaining
proper orientation of the cerebellar folia during SEM
observation.
The smooth cut surface of the cerebellar
cortex (arrow) allows us to distinguish the granular layer
from the molecular layer. The fracture surface (thick
arrow) appears irregular.
Figure 8. Mouse cerebellar folia observed at low magnification showing sagittal sections of the cerebellar
cortex (arrows). The white matter (WM) is observed at
the upper left side of the figure.

for SEM of CNS

Specimen Mounting and Orientation
Nerve tissue fragments can be mounted and oriented on specimen stubs with a double-stick pressure
sensitive adhesive tape or directly attached with conductive paint or paste. Use a binocular dissecting microscope and observe the cut or fractured surface. Push th_e
uninteresting end of the specimen into the cement. Onent the tissue fragment according to the position desired
(sagittal, transverse or tangential plane). Hold for a moment until the adhesive sets. Fig. 7 shows the cut and
fractured surfaces of a cerebellar specimen. The triple
layered structure of cerebellar cortex can be vaguely distinguished under the SEM at low magnification.
At
similar magnifications,
the sagittal section of the
cerebellar fol ia can be clearly seen (Fig. 8). Exploring
the cytoarchitectonic
arrangement
at very
low
magnification,
one can distinguish, for example, the
granular layer from the plexiform or molecular layer
(Fig. 9). When one has become familiar with the gen_eral appearance of each layer, one can proceed to examine
tissue fragments where each layer has been isolated by
the trimming procedure.
Fig. 10 illustrates an en face
view of only the granular layer. If one is on the opposite side of the cerebellar folia, one can easily distinguish the surface of the folia from the subjacent mole~ular layer (Fig. 11). This orientation study 1s essential
for a further exploration of cytoarchitectonic
arrangement at higher magnifications.

Figure 9. Primate cerebellar cortex. Improved cryofracture technique and chromium coating.
The clear
boundary between the granular (GL) and molecular (ML)
layers is observed.
The arrow indicates a fractured
Purkinje cell soma.
Figure 10. Mouse cerebellar cortex.
The sectioned
edge of the specimen is indicated at the right side (arrow). An en face view of the granule cells (GC) is observed at the upper side of the specimen.
Figure 11. Mouse cerebellar cortex.
The specimen
shows in one side the outer surface of the cerebellar
folia (asterisk) and in the other side, the cut surface of
the outer third molecular layer (ML).
In our laboratory, absolute ethanol and liquid carbon dioxide are used as intermediate and transitional
fluids, respectively, in the critical point drying process.
Liquid CO 2 has critical temperature 31. l °C and a critical pressure of 72. 9 atm (55400 Torr; Anderson, 1951).
Specimen containers for transferring the sample to the
critical point drying apparatus should be selected
according to the dimensions of the nerve sample.
Before critical point drying, the nerve tissue
should be contained in a closed wide-mouth jar and immersed in the intermediate fluid (absolute ethanol).
When the nerve specimen is introduced in the critical
point drying apparatus, it is below the critical temperature. When the system is carried through the critical
point to a temperature above the critical temperature, the
nerve tissue is then in a gaseous phase without ever
passing through the gas-liquid interface. By keeping the
temperature above the critical temperature, the valve can
be opened to the air and the pressure allowed to drop
slowly to atmospheric pressure. The specimen is now
critical point dried.
During the critical point drying
process, the intermediate or dehydration fluid (absolute
ethanol) is completely miscible with the transition fluid
(liquid CO 2).
The main artifact caused by the critical point drying method seems to be shrinkage. A 20 % reduction in
linear dimensions after this procedure may seem acceptable (Gamliel, 1985). Wrinkling of the cell membrane
may be due to shrinkage of internal structural components. Small holes in the cell membrane, which sometimes lo k like circular ruptures, can also be related to
swelling and shrinking events that occurred during the
conventional critical point drying process.

Metal Deposition
There are three main categories of electrons
which leave the surface of a solid when it is struck by a
beam of primary electron of sufficient kinetic energy:
(l) the elastically reflected or backscattered electrons
which form a sharp energy distribution peak close to the
primary beam energy; (2) inelastically scattered electrons which have lost discrete amounts of energy before
escaping from the surface, and (3) the "true" secondary
electrons which form the bulk of the emitted electrons
(Echlin and Hyde, 1972). These latter electrons orig_inate from within 5-10 nm of the surface and are used 1n
the secondary or emissive mode of operation in conventional SEM. With a primary beam of about 10 kV, a 10
nm thick layer of a heavy metal alloy, such as gold-palladium, would improve the emission from the nerve tissue. The incident electrons penetrate the sample for
some distance, which is a function of both the accelerating voltage selected and the atomic number of the specimen under examination.
This penetration gives rise to
a variety of signals. At the point of incidence and in the
first scattering event, type I signals are produced. Then
backscattered electrons may emerge from the specimen
at some distance from the point of entry and produce at
the specimen surface type II signals, or they may leave
the specimen and produce at the walls of the microscope
chamber type III signals (Peters, 1985a). Type II and
III signals dominate the signal in conventional SEM and
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type I signal dominates the image in the modern, analytical, high resolution SEM. Surface information depends
on surface topography, the energy of the primary electrons and the mass density of the specimen. The reader
is referred to Peters (1985a) for a detailed description of
signal collection strategies. The most important reason
for coating the nerve tissue is to increase its thermal and
electrical conductivity. The thin layer of metal which is
usually applied to insulators to make them conductive is
also the source of the bulk of secondary electrons. The
rationale and mode of application of thin films to nonconducting material has been elegantly described by
Echlin and Hyde (1972) and Echlin and Kayes (1979).
To overcome the limitations put on resolution in
bulk samples by the range of the electrons collected in
the signal, metal coating must be applied with a thickness thinner than the range of the critical signal electrons (Everhart and Chung, 1972). This has been accomplished in nerve tissue applying gold-palladium coating, 5-10 nm thick, for conventional scanning electron
microscopy, and chromium coating, 1-2 nm thick, for
both conventional and high resolution scanning electron
microscopy (Castejon, 1991). Since the images dealt
with are largely derived from the metal film and not
from the true nerve cell surfaces, relevant properties of
the metallic coatings effecting the image should be considered.
For conventional scanning electron microscopy we
use a JEOL 100B electron microscope with an ASID
scanning attachment equipped with a tungsten filament
source operated at 10, 20 and 60 kV, thereby g uaran teeing, according to JEOL Co., a high secondary electron
image with a resolution of better than 10 nm. At these
instrumental parameters, type II secondary electrons are
predominantly collected from the gold-palladium coated
nerve cells, with a nominal topographic resolution of
about 30-50 nm, which, depending on practical interference problems, such as sample contamination, mechanical vibrations or stray fields (Black, 1974) could deteriorate to about 100 nm. For conventional scanning electron microscopy, low and intermediate magnifications
are used. High accelerating voltage is applied to establish the smallest beam diameter, highest gun brightness
and to reduce the background signal contrast.

calyx layer is obscured. In order to improve resolution,
thinner metal films, such as of chromium, should be
used, which potentially allows the visualization of the
glycocalyx layer (Castejon, 1991) and the true nerve cell
outer surface.
Gold-palladium produces good contrast at low and
medium magnifications. The metal film is smooth at the
outer surface of the nerve cell soma, dendrites and axons
when the slicing technique is used (Fig. 12). With the
freeze-fracture method, in which the inner surface cytoplasmic and nuclear details are exposed, the metallic
film evenly coats cytomembranes, cell organelles, cytoskeleton, and nuclear chromatin revealing distinct topographic substructures, particle aggregates and the spatial
relationship between the nuclear and cytoplasmic compartments, which are imaged with sharp outlines and in
close apposition.
Nerve cell surfaces decorated

with gold-palladium

Very thick gold-palladium accumulation distorts
the topography and also produces the redistribution of
metal during its deposition, thereby generating decoration of surface features (Fig. 13). In this figure the
nerve cell surface shows a strong microroughness contrast and a granular appearance. Therefore, the metallic
layer should be as thin as possible in order to coat rather
than to decorate.
Nerve cell specimens coated with thin chromium

films

Thin chromium films (l-2 nm thick) produce a
different outer surface morphology of nerve cells (Figs.
14 and 15) characterized by a smooth, cotton-like surface. The material contrast is lower but the resolution
is notably improved, especially at low and intermediate
magnifications.
The majority of the contrast is generated by type I and II secondary electrons (SE-I and SE-II
type signals) (Peters, 1985a; Apkarian and Joy, 1988).
Neurobiological

applications

of conventional

SEM

Conventional scanning electron microscopic techniques have been applied to the study of olfactory rosettes in sea trout (Bertmar, 1972), human cerebral ventricular system (Scott er al., 1973), subarachnoid space
in the dog (Cloyd and Low, 1974), rat subfornical organ
(Phil lips et al., 1974), elasmobranchean peripheral nerve
fiber (Saetersdal and Myklebust, 1975), primary neural
induction in the chick embryo (England and Cowper,
1975), encephalic meninges in dogs (Allen and Didio,
1977), retina (Antal, 1977; Galbavy and Olson, 1979),
architecture of the corpora pedunculata in the horseshoe
crab (Fahrenbach, 1977), innervation of the Organ of
Corti (Bred berg, 1977), epiphysis cerebri (Hartwig and
Korf, 1978), postsynaptic membrane folds of the frog
neuromuscular junction (Shotton et al., 1979), teleost
cerebellar cortex (Castejon and Caraballo,
1980a,
1980b), pregangl ionic innervation and synapses of neurons on the frog heart (Baluk and Fujiwara, 1984), fetal
human neurons isolated and grown in culture (Kim et
al., 1985), and to the rat and chinese hamster sub neural
apparatuses at the neuromuscular junction (Desaki and
Uehara, 1987).

Nerve cell specimens coated with thick gold-palladium
films

Nerve tissue conventionally prepared for SEM is
coated with a 5-10 nm thick gold-palladium film to increase electron conductivity
and surface contrasts
(Echlin and Hyde, 1972). Metal coating with 5 nm of
gold-palladium alloy produces sufficient secondary electrons to avoid charging effects and yields a satisfactory
signal/noise ratio resulting in a resolution in the 100-200
nm range.
A metal thickness of 20 nm produces a
smudged appearance and an obvious loss of resolution.
The thickness of the metallic coating limits the resolution and blankets cell surface details. The morphology
of the exposed or hidden nerve cell surfaces are revealed
but the visualization of subsurface details of the glyco-
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Figure 12. Teleost fish cerebellar granule cells (GC)
processed by the slicing technique.
The 5 nm thick
gold-palladium coating, increased the topographic contrast of nerve cell outer somatic surface and processes.
Figure 13. Human cerebellar cortex processed according to the ethanol-cryofracturing
technique. The specimen has been heavily coated with gold-palladium (20 nm
thick) showing decoration of the surface of Purkinje cell
(Pc) and Bergmann glial cell (Bg). The decoration notably increases the contrast of both cells accentuating
three-dimensional morphology but masking neuronal and
glial surface morphology.
Figure 14. Primate cerebellar cortex processed according to improved freeze-fracture method, delicate specimen preparation and coated with 2 nm thick chromium.
The Golgi cell (Go) and granule cells (GC) exhibit a
smooth outer surface with optimal topographic contrast.
Figure 15. Primate cerebellar cortex. Glutaraldehydeosmium fixation by immersion.
Improved freeze-fracture method and 2 nm thick chromium coating. Note the
smooth, delicate appearance of granule cell (Ge) surface,
apparently revealing the glycocalyx layer.

Special SEM Preparation
Ethanol-cryofracturing

Techniques

technique

We have widely employed the ethanol-cryofracturing technique [originally designed by Humphreys et
al. (1974, 1975) for liver and kidney tissue) for examination of the human neuron and neuroglial cell hidden
outer surfaces (Castejon and Caraballo 1980a, 1980b;
Castejon and Castejon, 1987; Castejon 1988, 1990a).
Samples of 3-5 mm thick human nerve tissue are fixed
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cryofracture technique of Humphreys et al. (1974, _1975)
has been applied to the study of neural crest In the
axolotl (Li:ifberg et al., 1980), and to the human cerebellar cortex (Castejon and Valero, 1980; Castejon, 1988).

by immersion for 2-16 hours in 4 % glutaraldehyde-phosphate buffer solution, 0.1 M, pH 7.4. The fixed tissue
is cut into fragments about 1 x 2 mm and dehydrated in
ethanol. When in the final change of absolute ethanol,
the fragments are inserted into small cylinders of parafilm with absolute ethanol. Air bubbles should be avoided within the cylinder. Both ends of the cylinder should
be clamped shut with a forceps. The cylinder is seized
with a forceps and held under liquid nitrogen until frozen then stored in a Petri dish with liquid nitrogen befor~ cryofracture. The fracture is made with a precooled
razor blade and the fragments are placed in ethanol at
room temperature for thawing. The samples are processed according to the technique of Humphreys et al.
(1974, 1975) with minor modifications (using phosphate
buffer instead of cacodylate buffer).
Critical point
drying is done with liquid CO 2 followed by coating with
10-20 nm thick gold-palladium.
The cryofracture process exposes the hidden outer surfaces of neurons (Fig.
16) and neuroglial cells and the afferent and efferent
fibers allowing visualization of cytoarchitectonic
arrangement of a gray center. The fracture line always
follows the plane of tissue weakness, apparently represented by the satellite neuroglial cells. The neuroglial
cells ensheathing the nerve cells are easily removed exposing the hidden nerve cell outer somatic surface.
Large crevices are observed at the sites previous! y occupied by satellite neuroglial cells. Freezing with liquid
nitrogen (medium freezing rate) produces a cryodissection of nerve cell processes, which are kept intact due to
the freezing of ethanol impregnated tissue. Apparently
the ethanol impregnated tissue is transformed into an
amorphous solid, which in turn acts as a solid matrix
supporting the delicate and highly ramified dendritic and
axonal nerve cell processes. In addition, this solid matrix avoids, to a certain extent, the mechanical deformation of nerve tissue during fracturing.
The limitations of this technique are: 1) satellite
neuroglial cells are easily removed during the cryofracture process; 2) slow freezing rate of liquid nitrogen; 3)
coating with thick gold-palladium obscures nerve cell
surface morphology (the gold-palladium masks the true
nerve cell surface and buries subsurface details) and 4)
the cryofracture process produces a random exposure of
neuronal surface and sections of neuronal processes,
thereby limiting the study of synaptic morphology.

Freeze-fracture SEM method
This method was applied to the study of teleost
fish and primate central nervous system (Castejon, 1981,
1984, 1988, 1991). After Karnovsky fixation by perfusion, cerebellar slices, 2-3 mm thick, were cut with a
razor blade and fixed by immersion in the same fixative
for 4-5 hours. After washing in buffered saline, they
were postfixed in I% osmium tetroxide in 0.1 M phosphate buffer solution, pH 7.4 for l hour. After rinsing
in a similar buffer, tissue blocks were dehydrated
through graded concentrations of ethanol, rapidly frozen
by plunging into Freon 22, cooled by liquid nitrogen
(Haggis, 1970; Haggis and Phipps-Todd, 1977) and fractured with a precooled razor blade. The fracture fragments were returned to fresh absolute ethanol for thawing. According to Haggis and Phipps-Todd (1977) in the
fix-Dehydrate-Freeze
fracture (fDFf) method, the cytoplasmic and nuclear soluble proteins are washed out,
presumably during the thawing step, leaving anfractuous
cavities surrounding the cytomembranes and allowing
visualization of the surface details of cytoplasmic and
nuclear structures (Fig. 17). The tissue was then critical
point dried with liquid CO 2 as recommended
by
Anderson ( 195 I) and coated with gold-palladium. Specimens were examined in a JEOL I OOB electron microscope with an ASID high resolution scanning device at
IO, 20 or 60 kV.
An interesting contribution of the freeze-fracture
method for SEM is the three-dimensional visualization
of the spatial arrangement and the organization of endoplasmic reticulum surface it provides. In general, fractured cerebellar nerve cells showed a caveolar appearance which could be correlated with freezing and intracellular ice formation.
In smooth muscle, an ideal
model system for the investigation of cryo-injury, ice
cavities and shrinkage of the perinuclear region have
been also reported by Hunt et al. (1982). Therefore, the
cytoplasmic damage observed in some cerebel Jar neurons
would be probably due to spherulitic crystallite formation (Luget, 1970). Apparently a center of crystallization is formed in the cytoplasmic matrix, which while
growing, repels the endoplasmic reticulum and cell organelles.
Another alternative is a cytoplasmic injury
produced during rewarming and thawing by a process of
devitrification, melting or recrystallization.
Since fragments of cerebellar tissue were plunged into Freon at
-150°C (rapid freezing rate), there is the likelihood of
intracellular freezing with cooling velocity or damage
from recrystallization of intracellular ice during warming. However, in our experiments, water in the tissue
was replaced with absolute ethanol prior to freezing,
thus preventing ice crystal formation. Previous experiments of Humphreys et al. (1975) on liver and Haggis et
al. ( 1976) on muscle suggest that in fixed tissues ethanol
freezes to a glass or non-crystalline state, both at rapid

Advantages Theethanol-cryofracturing
technique
is useful for tracing short intracortical circuits as well as
following the course of axonal collaterals until their terminus on a dendritic surface. In this context, the ethanol cryofracture technique offers some advantages over
the Golgi light microscope technique for studying neuronal geometry and nerve cell circuits. These advantages are: 1) better resolving power, 2) increased depth
of focus, 3) continuity of nerve cell circuits and 4) faithful delineation of three-dimensional pre- and post-synaptic structures. Both techniques used in conjunction allows a more accurate study of intracortical circuits
(Castejon and Castejon, 1988; Castejon, 1988). The
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Figure 16. Teleost cerebellar cortex. The cryofracture
process has removed the satellite Bergmann glial cell
and exposed the outer somatic Purkinje cell (PC) surface. Large crevices (asterisks) are observed at the sites
previously occupied by the Bergmann glial cells. Afferent climbing fibers (CF) are observed ascending toward
the primary dendritic trunk (arrow). Some vestiges of
neuroglial cytoplasm and axosomatic synaptic endings
are seen attached to the Purkinje cell outer surface.
Figure 17. Teleost fish cerebellar cortex. Freeze-fracture method. Fractured nerve cells showing the three dimensional relief of nuclear (N) and cytoplasmic (C)
compartments. The endoplasmic reticulum (ER) appears
as a network of interconnected strands extended between
the inner surface of the plasma membrane and the outer
surface nuclear envelope. The cytoplasmic matrix has
been washed out during the thawing step facilitating the
visualization of inner nerve cell surfaces and leaving
an fractuous cytoplasmic cavities (asterisks).
freezing rates (tissue plunged into Freon at -150°C) or
medium freezing rates (tissue plunged directly into liquid nitrogen) with no distortion of tissue structure.
However, in tables of physical constants, the melting
point of ethanol is given as -l l2°C to -ll7°C.
So, it is
possible that ethanol may crystallize below these temperatures, thereby producing some structural rearrangement
similar to that produced by ice formation (G. Haggis,
personal communication).
The freeze-fracture method has been also applied
to the study of rat pineal body (Krstic, 1979) confirming
the communication between the pineal canaliculi and the
pericapi Ilary spaces.
Improved freeze-fractureSEM method, delicate
specimen
preparation
and chromium
coating
(Apkarian and Curtis, 1986; Castejon and Apkarian,
1992) Excised Rhesus monkey cerebellar cortex was
minced into 2 mm 2 pieces and further fixed in 2.5%
glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4,
overnight in order to provide complete intracellular and
extracellular proteinaceous cross-linking.
Cacodylate
buffer, pH 7.4, was used to completely remove the
primary fixative by rinsing the tissue several times under
gentle agitation. Postfixation of phospholipid moieties
was accomplished by immersion in 1 % OsO 4 in 0.1 M
cacodylate buffer, pH 7.4, for I hour and then rinsing in
cacodylate buffer several times.

Delicate specimen preparation A graded series
of ethanol (30, 50, 70, 80, 90, 2x 100%) was used to
substitute tissue fluids prior to wrapping individual
pieces in preformed absolute ethanol filled parafilm
cryofracture packets. Rapid freezing of packets was performed by plunging into Freon 22 at its melting point
(-155°C) and then storing in liquid nitrogen. A modified tissue chopper (Sorval TC 2) equipped with a liquid
nitrogen copper stage and a precooled fracture blade
(-196° C) was utilized for cryofracture. First, the packet
was tr:ansferred from the liquid nitrogen trough by a
chilled forceps in order to avoid thermal transfer.
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Secondly, the cooled fracture blade was raised from liquid nitrogen, the packet was orientated under the blade
and the arm was immediately activated to strike only the
top of the packet (Apkarian and Curtis, 1986). Fractured tissue fragments were transferred into chilled absolute ethanol (4°C) and thawed. Tissues were loaded into
a fresh absolute ethanol filled mesh basket within the
boat of a Polaron E-3000 critical point dryer, the boat
loaded into the dryer and exchanged with CO 2 gas at a
rate of 1.2 I/min. The CPD chamber was then thermally
regulated to the critical temperature and pressure at the
rate of 1 °C/min.
Following the phase transition, the
CO 2 gas was released at a gas flow rate of 1.2 I/min
(Peters, 1980). Dried specimens, shiny face up, were
mounted onto aluminum stubs 9 mm x 2 mm for the ISi
(Topcon) DS-130 SEM upper stage or onto brass mounts
for the Hitachi S-900 SEM with silver paste and degassed at 5 x 10-7 torr prior to coating.

tured Rhesus monkey cerebellar cortex molecular layer
showing the cross-section of parallel fibers limited by
their plasma membranes and separated by the less dense,
narrow extracellular
space located between adjacent
profiles.
At the level of cerebellar myelinated axons, the
myelin sheath has been examined with high resolution
field emission SEM (HRFESEM) in an attempt to resolve its multilayered structure (Fig. 19). The myelin
sheath appeared as a compact, high mass density band.
However, the myelin periodicity has not been discerned.
Further observations with HRFESEM and experiments
with delicate specimen preparations are needed in order
to resolve the periodic structure classically seen with the
transmission electron microscope.
In chromium coated neurons, we have generated
a defined contrast mechanism in which the topography of
the sample is precisely delineated by changes in the SE-I
yield occurring as a result of variations in the mass
thickness of the deposited film (Apkarian and Joy, 1988)
and which have apparently provided a view of the glycocalyx layer (Castejon, I 970) or the true surface outer
nerve cells (Castejon, 1991).

Metal coating
Dried and mounted specimens
were chromium coated with a continuous 1-2 nm film in
a Denton DV-602 turbo pumped sputter deposition system operated in an argon atmosphere of 5 x 10-3 Torr
(Apkarian and Joy, 1988).
Specimens were introduced onto the condenser/
objective lens stage (SE-I signal mode operation) of
either an ISi DS-130 SEM equipped with LaB 6 emitter
or a Hitachi S-900 SEM equipped with a cold cathode
field emitter. Both instruments were operated at 25-30
kV in order to produce minimal spot size and adequate
signal to noise ratio at all magnifications.
Micrographs
were soft focus printed to reduce instrumental noise
(Peters, 1985b). This method provided an exploration
into the inner and outer surfaces of vertebrate cerebellar
neurons utilizing type I and II secondary electrons (SE-I
and SE-II) and topographic contrast (Castejon and
Apkarian, 1992).
The outer nerve cell surface observations of unfractured nerve cells provided information on the threedimensional morphology and surface appearance of
nerve cell bodies.
For studying the outer surface of
cerebellar nerve cells, the granule and Golgi cells of
teleost fish and Rhesus monkey cerebellar granular layer
were selected as models of cerebellar micro- and macroneurons, due to their easy identification in the cerebellar
granular layer and also for their relatively large area for
scanning the exposed somatic outer surface. Figure 15
illustrates Rhesus monkey cerebellar granular neurons.
The 2 nm chromium coated image offered a smooth,
brilliant, cotton-like appearance of nerve cell outer surfaces. This image can be compared with the opaque,
finely granular, rough surface of the teleost fish nerve
cells coated with 5-10 nm thick gold-palladium, as illustrated in Fig. 12.
We have examined, at higher magnifications, the
molecular layer of Rhesus monkey cerebellar cortex in
order to investigate whether the chromium coating allows the visualization of the extracellular space, as seen
in ultrathin sections or direct replicas of transmission
electron microscopy. Figure 18 illustrates the cryofrac-

Advantages The freeze fracture method allows
examination of the outer somatic plasma membrane and
intracellular membranes of nerve cells. The "wash out"
of soluble proteins from the fracture face at the thawing
stage reveals stereo-spatial relationship between cytoplasmic and nucleoplasmic compartments.
Internal
membranes, cytoskeleton and chromatin arrangement can
be studied in three-dimensional views, at higher magnification and resolution power. Variation in fixation conditions can be exploited to reveal different ultrastructural features. Slightly hypertonic fixative causes some
shrinking of the cell exposing the outer surface of the
plasma membrane for SEM viewing. Fixation in hypotonic fixative induces breaking up during fixation, swelling of cell organelles and clear visualization of internal
membranes (Haggis and Phipps-Todd, 1977).
Ultrasonic microdissection
Low, 1989)

(Arnett

and Low,

1985;

Rat cerebellar samples were initially fixed with
aldehydes.
Blocks of tissue were razor cut and treated
by three separate methods: I) immersion in I% aqueous
boric acid; or 2) in 2 % phosphate buffered OsO 4 followed by boric acid; or 3) in an 8:2 mixture of boric
acid and OsO 4 . After 18-48 hours of immersion, the
blocks were dehydrated and exposed to ultrasound in
100% acetone at frequencies of 80 kHz for 10 to 20
minutes. Specimens were then critical point dried using
liquid CO 2 , mounted on SEM stubs and sputter-coated
with gold-palladium.
Microdissection of cut surfaces
(erosion) occurred after all three treatments. With this
technique all cerebellar cell types were recognizable.
The neuronal processes and some synaptic relationships
in the granular layer were distinguished.
This technique applied to cerebellum and spinal
cord also revealed naturally occurring surfaces hitherto
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The final contour of sonicated preparations, however, depends largely on procedures followed prior to
exposure to ultrasound. The three separate methods of
treatment used prior to sonication (boric acid, osmium
tetroxide followed by boric acid, and a mixture of the
two) were shown to produce distinctly different patterns
of microdissection.
Boric acid produces the least erosion of the cut surface, osmium tetroxide medium erosion, osmium tetroxide followed by boric acid somewhat
more, and an 8 to 2 mixture of the two, the greatest
erosion.

The creative tearing technique (Scheibe! et al., 1981)
The cerebellar neuropil of the Mongolian gerbil
rat, cat, monkey and human is revealed by careful tearing of aldehyde-fixed tissue specimens, which were prepared by means of dehydration, critical point drying and
sputter-coating
with gold-palladium.
The authors
(Scheibe! et al., 1981) applied a modified free hand dissection to the tissue.
After determining the desired
plane of cleavage, a small cut with a scalpel or razor
blade is made in a corner of the tissue block. Using the
incision as the starting point, the tissue is slowly torn in
the plane already established.
The method follows the
natural cleavage planes within the tissue. The technique
provided a remarkable three-dimensional view of neuropil including cell bodies and dendrites, details of preand postsynaptic morphology, axonal structure, neuroglia and the microvasculature.
In addition, this group has applied the "creative
tearing" technique to another highly laminated structure,
the hippocampus (Paul et al., 1984). Following intraventricular cardiac perfusion of the anesthetized animal
with standard electron microscopy (EM) fixation media
or, in the case of the human tissue, immersion of the tissue as soon as possible into this fixative, the brain or the
specimen is immediately dissected into grossly identifiable brain regions. These blocks remain in EM fixative
for approximately 75 minutes. They are then dissected
by manual tearing to reveal the desired surfaces, with
care taken to avoid exposure of the tissue to air. The
blocks are carefully trimmed under a dissecting microscope to a size of about 3 mm 3 and sketches made to
preserve the proper orientation.
Pieces are left overnight (about I 4 hours) in refrigerated fixative. The following day, they are immersed in a 0.33 % osmium tetroxide solution for I hour. Dehydration is performed
in a series of alcohols from 30-100 % , two 5-minute
changes in each, with 3 changes in the final (100%)
solution.
The dehydrated blocks are subjected to critical
point drying using a Samdri PVT-3 (Tousimis, Rockville, MD) CO 2 dryer, which takes the specimen from
about 1300 psi (67,200 Torr) and 37°C down to atmospheric pressure and temperature.
Since orientation is
critical for ultimate interpretation of views obtained with
the SEM, each block is placed in a separate well-in the
CPD apparatus, and further sketches made, if necessary
(the color of tissue after critical point drying is quite
uniform, and accurate identification of regions can be

Figure 18. Fractured primate cerebellar molecular layer
processed according to improved freeze-fracture method
and coated with chromium.
The fracture process has
exposed the cross-sections
of parallel fibers (PF)
revealing inner details.
The profile of the limiting
plasma membrane (arrow) and mitochondria (M) are
clearly seen.
Figure 19. Fractured cerebellar myelinated axon showing the myelin sheath (arrow) as a compact high mass
density band.
The myelin periodicity is not distinguished.
hidden from direct examination of their surface contours. Two responses of central nervous tissue became
evident: (1) cavitation appeared in the neuropil surrounding ccll bodies when ultrasound was applied; and
(2) the degree of microdissection depends on the concentration of aldehydes used in the initial cardiac perfusion
of the experimental animal. Cavitation made it possible
to identify nerve cells by means of their position and
general morphology.
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difficult without a sketch). The pieces are removed immediately after the procedure and mounted on metal stubs (Ted
Pella, Reading, CA) or a thin strip of double-sided sticky
tape. Colloidal graphite in isopropyl alcohol (DAG; Ted
Pella) is spread liberally on the stub and around the specimen to allow as much conduction surface as possible between tissue and metal surface. The stub is allowed to dry
for at least 24 hours before viewing, since heat from the
electron beam can melt the DAG, causing movement of an
incompletely dry specimen.
Immediately before viewing,
the specimen is exposed to a gold-palladium mixture in an
argon atmosphere ("sputter-coated")
for 2 minutes.
Paul et al. (1984) showed the gross morphology of
hippocampal tissue, demonstrating several important aspects
of both the dissection procedure and the three-dimensional
relationship of the region. With this technique the threedimensional morphology of pyramidal cells was obtained
displaying axons, dendrites and dendritic spines.
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Castejon HV (1970) Histochemical demonstration of
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Conclusions
Conventional and specialized nerve sample preparation techniques offer the unique possibility of displaying in
three-dimensions
the remarkable complexity of nerve cell
organization and interrelationship
in situ. Progress in the
development and application of these preparative techniques
to the study of different areas of the central and peripheral
nervous system has resulted in a marked increase of our
knowledge on neuronal geometry and outer and inner surface
morphology. In addition, the specialized techniques such as
ethanol-cryofracturing,
ultrasonic
microdissection,
and
"creative tearing" have facilitated the study of nerve cell
hidden surfaces or synaptic junctions not readily accessible.
Artifacts, however, are still present and further refinement
of the preparation techniques is needed in order to obtain optimal preservation of nerve tissue. It is necessary to design
specific preparative procedures tailored to the neurobiology
of different areas of the central nervous system.
This is
especially important when considering the neurotransmitter
heterogeneity of motor nervous centers compared with the
autonomic nervous system.
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Discussion with Reviewers
G.M. Roomans: In relation to Fig. 2, you stated that the
enlarged extracellular space surrounding granule nerve cells
is artifactual in nature. Why?
Author: According to TEM studies all vertebrate cerebellar
granule cells are intimately applied being separately only by
the narrow extracellular space, 10-20 mm in width, existing
between their limiting plasma membranes. The dimensional
neuronal volume changes occurring during SEM preparative
procedures,
mainly due to the slightly hypertonic fixative
used, the removal of the scarce satellite neuroglial cytoplasm
during cryofracture
process and the critical point drying
procedure induce artifactual separation of granule cells.
G .M. Room ans: You consider that 3-5 % glutaraldehyde
phosphate buffer solution induce 10-20% more shrinkage of
nerve cells than a similar fixative concentration in cacodylate buffer. However, one finds in the current literature, the
opposite finding. Please explain these different opinions.
Author: In our experience, at SEM level less neuronal volume changes are observed when we used cacodylate buffer
instead of phosphate buffer solution. Most TEM studies of
cerebellar cortex do not establish a different preservation
according to the used buffer solution.
Fixation time in
normal perfused teleost cerebellar cortex and in pathological
samples of human cerebellum fixed by immersion is prolonged compared with the fixation time of normal experimental
animal processed for transmission electron microscope.
Extractive properties of phosphate buffer solution upon the
cytoplasm matrix exerted during prolonged fixation time for
SEM could explain the differential findings.
Reviewer

II:

Which technique do you recommend
for
in neuroanatomy?
Author: The conventional SEM technique is useful for
studying the layered structure of the gray nerve centers.
The ethanol-cryofracturing
technique is very convenient for
tracing short intracortical
circuits, and the freeze-fracture
method for SEM offers some advantages for examining outer
and inner surfaces of nerve cell organelles.
application
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